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ABSTRACT 
The goal of this paper is develop a framework by which suburban form may be identified and 
analysed according to its spatial properties. Its purpose is to provide new insights regarding the 
physical characteristics of sprawl in a way which may be useful to urban morphology research and 
urban design practice. In doing so, a new method for measuring sprawl, based on quantitative 
spatial data is proposed. Adopting a case study strategy, this technique is applied to the 
contiguous Dublin metropolitan region at the district scale. The results would indicate that the 
method employed is capable of distinguishing sprawl morphology – in addition to a range of 
urban and suburban form types – within a single urban agglomeration. 
Keywords: sprawl, suburbs, urban morphology, configurational analysis. 
INTRODUCTION: PERCEPTIONS OF SPRAWL 
In a European context, the contiguous Dublin metropolitan region has been documented as a case 
study for suburban sprawl due to a proliferation of poorly planned, decentralised development 
(EEA, 2006). More locally, concerns regarding the expansion of the city into its surrounding 
hinterland have been particularly pronounced since the ‘Celtic Tiger’ period – a time of 
considerable economic growth, dating approximately from the mid 1990s to the late 2000s – in 
national media (see for example, Humphreys, 1999; McDonald, 2001; 2002; 2006; O’Brien, 
2001; 2004), academic research (McCarthy, 2004; Williams et al., 2007), and architectural 
discourse (O’Toole, 2006; RIAI, 2007). While this era may have been briefly halted due to the 
effects of the 2008-09 global recession (Kitchin et al., 2014), more recent evidence would suggest 
that a propensity for low-density, highly dispersed forms of urban growth has continued to the 
present day (Redmond et al., 2012; Hamilton, 2019; Taylor, 2019). Dublin, then, is a place closely 
associated with forms of sprawl. 
To some extent, this reputation serves to frame public conversations and policy initiatives regarding 
a perceived need, largely in the central urban core, for higher densities and/or taller buildings as 
an antidote to previously fragmentary, fringe development. The primary message is that, in order 
to prevent sprawl, is it necessary to build upwards (Lawton, 2017, p. 23).  
This perspective is flawed, however, both regarding its conflation of building height with urban 
density and in its assumption that the inverse of sprawl – and its effects – might be represented in 
such simplistic terms. These inaccuracies have not, unfortunately, prevented such a view from being 
utilised in the context of Irish planning policy. Perhaps most significantly, this narrative has featured 
as part of the Department of Housing, Planning and Local Government’s (DHPLG) nation-wide 
removal of generic building height limits, previously set by local authorities; one of the stated 
purposes of this guidance being ‘to assist in counteracting sprawl’ (DHPLG, 2018, p. 5). 
The evidence would therefore suggest that key decisions regarding Dublin’s spatial future lean on a 
negative perception of sprawl, assumed by a national discourse, without any reference to or 
analysis of its existing morphological characteristics. Consequently, there exists the potential to 
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develop a method to usefully describe and identify actual examples of sprawl, located in the Dublin 
region, as a means to better ground and shape the form of its prospective transformation.   
BACKGROUND: DEFINING SPRAWL 
The term ‘sprawl’ does not refer to any commonly agreed spatial definition (Galster et al., 2001, 
p. 682; Kew and Lee, 2013, p. 1809; Wilson and Chakraborty, 2013, p. 3303). Despite this, a 
number of attempts have been made to describe this type of suburban form with reference to a set 
range of quantitative variables. Much of this research regarding methods and criteria for defining 
sprawl is connected to the formulation of a multivariate index of weighted measures (see Galster et 
al., 2001; Tsai, 2005; Torrens, 2008; Hamidi et al., 2015; Ruiz et al, 2018). Such indexes allow 
for further statistical analysis and rankings of ‘sprawlness’ according to the data gathered. Some of 
the variables are linked to morphological measures while others are not. For the most part, this 
work is applied at a metropolitan scale in which the city is treated as a unit and considered in terms 
of the degree to which it is composed of sprawl-type settlement form (Torrens, 2008, p. 8). While 
not without insight, this general approach tends to result in a matrix of abstracted values, the 
meaning of which lacks transparency (Galster et al., 2001, p. 708) and is difficult to visualise in 
terms of settlement form, in addition to being divorced from urban design practice (Song and 
Knaap, 2004, p. 213; Torrens, 2008, p. 8). The spatial boundaries within which analysis is 
undertaken also tend to shift from study to study, as well as the criteria for measurement, making 
comparison challenging (Talen, 2003, p. 195; Slaev et al., 2018, p. 1391). Moreover, the 
universal applicability of criteria may be in doubt (Lopez and Hynes, 2003, p. 327), as many 
exhibit a US-focused bias, both with regard to the defining properties of sprawl and the type of 
data gathered (Harris, 2010, p. 17; Ruiz et al. 2018, p. 931).  
Despite these issues, the existing literature remains a useful source for developing a set of relevant 
sprawl-defining characteristics and the means by which these features might be measured. Most 
authors agree that sprawl is a multi-dimensional condition identifiable via a range of quantitative 
descriptors (Hamidi et al. 2015, p. 36). While few studies enlist criteria limited to physical form, an 
analysis of previous research does illustrate a number of common traits. A grouping exercise – with 
a focus on potential morphological measures – suggests that it may be possible to organise an 
established range of sprawl dimensions in terms of the following headings: density, distribution, and 
accessibility. These three headings may be broadly described as follows: 
• Density refers to the extent of built form and open space within a given site area; 
• Distribution refers to the shape, size, and placement of built form and open space within a 
given site area; 
• Accessibility refers to the design and layout of the street system within a given site area. 
Prior to the association of quantitative measures with the dimensions of density, distribution, and 
accessibility, the issue of scale must first be resolved. Certain variables, which may provide useful 
and accurate information at one level of resolution, can deliver misleading results or less precise 
data when applied at a different scale (Tsai, 2005, p. 142; Torrens, 2008, p. 8; Dovey and Pafka, 
2014, p. 76). Confirming an appropriate scale of resolution at which sprawl may be defined is 
therefore paramount, as this will influence the measuring techniques used for each of the relevant 
criteria (Song and Knaap, 2007; Osmond, 2010, p. 6; Schirmer and Axhausen, 2016, p. 113). 
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On this subject, it is notable that much of the existing research assumes a metropolitan-wide area as 
the level of resolution for study (Frenkel and Ashkenazi, 2008, p. 5; Kew and Lee, 2013, p. 1808). 
This scale of analysis results in all types of settlement form within a given zone being combined and 
conflated in terms of the values calculated. However, all metropolitan regions are comprised of 
sub-areas, some which may exhibit properties which might be defined as sprawl (Knaap et al. 
2007, p. 254). Any conclusions therefore ‘fail to capture intra-metropolitan differences in 
development patterns at the neighbourhood level’ (Knaap et al., 2007, p. 240). It is for this reason 
that the practice of measuring sprawl at the metropolitan scale is considered flawed as a means of 
identifying instances of sprawl morphology. 
At the other end of the spectrum are a range of studies which approach the classification of sprawl 
at the tissue scale, such as those proposed by Moudon (1998), Scheer (2001), and Wheeler 
(2008). While these studies offer much in the way of valuable insights, a focus on the tissue scale 
alone does not provide adequate context for measuring sprawl. The properties of a single tissue 
type, without reference to its position within surrounding settlement form, may not exhibit values 
associated with sprawl (Kew and Lee, 2013, p. 1822). Due to this, it is not considered appropriate 
to attempt to measure the characteristics of sprawl at the tissue scale. 
Instead, it is suggested that – situated between the metropolitan and the tissue – a ‘sub-
metropolitan’ or ‘district’ scale might offer a useful level of resolution for further investigation. 
While a number of studies have focused data collection and analysis at this scale, quantitative 
research of this nature – in a European context – has been rare (Nedovic-Budic et al., 2016, p. 
149). The approach by which area size and boundary shape are defined can also differ. 
Fundamentally, these suggested categories do not provide a hierarchy of scales that indicates how 
the relationship between levels of resolution is structured (see for example, Song and Knapp, 
2007; Clifton et al., 2008; Nedovic-Budic et al, 2016). 
In response, it is proposed that urban morphology can provide a useful framework for defining the 
scope of different scales of resolution and their interrelationship. For this purpose, Kropf’s (2014) 
multi-level generic structure of built form and voids is adopted. This has been illustrated from the 
material scale to that of urban tissue (p. 50). This structure is amended, for the purposes of this 
paper, to include the district/sub-metropolitan scale.  
With the scale of analysis confirmed, an approach to quantitative morphological data may be 
considered. Here, Berghauser Pont and Haupt’s (2010) Spacematrix method is appropriated, and 
extended – like Kropf’s diagram – to respond to the properties of settlement form at the 
district/sub-metropolitan scale; the Spacematrix measures of built form (FSI and GSI) and 
accessibility (N) being joined by measures for public open space (SOS and Ov). In fact, the two 
approaches are synthesised to provide a framework of morphological scales and their associated 
spatial measures (figure 01).  
This framework proposes an approach to measuring urban form at the district scale according to 
the dimensions of density, distribution, and accessibility. In the case of density, the quantity of built 
floor area and open space area relative to the total district area is measured. This is referred to as 
the Floor Space Index (FSI) and Share of Open Space Measures (S0S) measures, respectively. In 
the case of distribution, the degree to which built floor area and open space area is either 
centralised or dispersed within a given district is measured. This is referred to as the Ground Space 
Index (GSI) and Open Space Variance (Ov) measures, respectively. In the case of accessibility, the 
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total length of the street network within a given district is measured. This is referred to as the 
Network Density measure (N).  
Fig 01: Diagram of generic structures and voids combined with potential measures of settlement form at a given level of 
resolution. Source: author’s own. 
Alongside this method, a working definition of sprawl is proposed. Sprawl is a category of 
suburban form which is identifiable at the district/sub-metropolitan scale of resolution. It is 
distinguishable according to the morphological descriptors of density, distribution, and accessibility. 
Measures associated with these descriptors must refer to quantifiable variables linked to built form 
and open space. The values of measures which may be identified as sprawl will depend on the 
values of measures associated with the urban agglomeration as a whole. 
METHODOLOGY 
The method of measuring sprawl, proposed by this paper, is outlined in figures 02-03. For this, 
seven variables (F, A, O, B, Ost, Om, and Nl) are measured and five measures (FSI, SOS, GSI, 
Ov, and N) calculated. Prior to measurement, the study area was divided according to distinct 
morphological districts. The method of delineation of district boundaries followed the presence of 
main streets (Mehaffy et al., 2010), recognisable according to established methods of 
morphological identification (Porta et al., 2014). This resulted in 204 districts within the contiguous 
Dublin metropolitan region. 
Metropolitan scale 
District/sub-metropolitan scale Superstructure 
Tissue scale Public Open Space and Circulation streets 
(SOS + Ov and N) 
Plot series 





5 ISUF 2020 Cities in the Twenty-first Century 
 
Dimension  Measure Variables Formula  
Density FSI Gross floor area (F) 
District area (A) 
Open space (O) 
F / (A - O) 
SOS Open space (O) 
District area (A) 
O / A 
Distribution GSI Built footprint, (B) 
District area (A) 
Open space (O) 
B / (A - O) 
Ov Standard deviation of open 
space (Ost) 
Mean of open space (Om) 
Ost / Om 
Accessibility N network length of access 
streets (Nla) 
network length of circulation 
streets (Nlc) 
District area (A) 
(Nla + Nlc/2) / A(Nla + 
Nlc/2) / A 
Figure 02: Overview of the hypothesised method, summarising the measures, variables, and formulae involved. Source: 
author’s own. 
FINDINGS 
A hierarchical cluster analysis of the five measures for each district resulted in the emergence of 
seven groupings: A1.1, A1.2, A1.3, A2, B1, B2.1 and B2.2. The relationship between the groups 
is shown as a dendrogram in figure 04, while the location of each district type is illustrated in figure 
05. A sample of each district type, based on the average values exhibited by each group, is 
provided in figures xx in order to illustrate the typical morphological features associated with the 
seven categories. 
An assessment of the distribution of district types within the study area would indicate a relatively 
distinct delineation between urban (types A1.1, A1.2, and A2) and suburban (types A1.3, B1, 
B2.1, B2.2) morphologies. Broadly speaking, the map demonstrates a city centre zone (types 
A1.1, A1.2, and A2), an inner suburban ring (types A1.3 and B1) linked to pre-mid twentieth 
century development, and an outer suburban fringe (B2.1 and B2.2) linked to areas of urban 
growth which primarily took place from the 1960s onwards.  
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A survey of the seven types in relation to the five variables reveals an additional level of detail. 
Morphological plans documenting each type according to their spatial properties is provided in 
figure 06. Each representative district is selected for exhibiting the median values of their respective 




Figure 03: Illustration of the morphological elements linked to each of the variables to be measured as part of the proposed 
method. Source: author’s own. 
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Figure 05: Map of district types, within the contiguous Dublin metropolitan region, classified according to the proposed 
method. Scale 1:150,000. Source: author’s own. 
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Figure 06: Representative samples of district types, within the contiguous Dublin metropolitan region, classified according to 
the proposed method. Each district sample has been selected due to exhibiting the median values of its respective group 
type. Source: author’s own. 
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Type A1.3 exhibits a number of suburban characteristics such as low FSI, low-mid GSI, and low N. 
However, unlike its B-type counterparts, this category of district is defined by much lower levels of 
SOS, similar in range to the values associated with urban district types. A visual analysis of this 
type indicates a relatively wide distribution, ranging from inner suburban to outer fringe locations. 
Type B1, of the four suburban district types, is notable for its higher values for FSI, GSI and N. Its 
SOS ranges from mid to high while its Ov value remains low. In terms of its position within the study 
area, type B1 predominates within the inner suburban ring, between the city centre and the M50 
motorway. 
Type B2.1 is distinctive due its high SOS values and high Ov. FSI, GSI, and N are all below 
average. It is least common type, representing four percent of all districts. A majority of this district 
type is located adjacent to the M50 motorway. Those found elsewhere are notable for containing 
large singular open spaces (e.g. Glasnevin Cemetery, no. 81; St Anne’s Park, no. 99; and Howth 
Head, no. 204). 
Type B2.2 stands out for exhibiting the lowest values for FSI, GSI, and N of all seven groups. It 
exhibits high SOS and Ov, though both variables are noticeably lower than in type B2.1. Districts 
in this category are generally found in the outer suburban fringe, beyond or adjacent to the M50 
motorway. 
Following a review of the four suburban district types, each is considered with regard to their 
potential to be described as sprawl. 
As previously noted, sprawl is distinguishable according to the morphological descriptors of 
density, distribution, and accessibility. Measures associated with these descriptors must refer to 
quantifiable variables linked to built form and open space. The measures FSI, SOS, GSI, Ov, and 
N have been calculated with this task in mind. The values at which features of sprawl are present 
are not absolute but will depend on the average values of the urban agglomeration as a whole. 
For a district to be considered sprawl, it must exhibit values for each measure below or above the 
mean value of the urban agglomeration in which its situated. Since sprawl morphology is 
associated with lower densities, greater dispersion, lower accessibility, and a greater extent and 
fragmentation of open space, sprawl districts must display values below the average for FSI, GSI, 
and N, and above average for SOS and Ov. This requirement is consistently met by types B2.1 
and B2.2. 
Furthermore, as Ståhle and Marcus (2009) have indicated, degrees of sprawl may be determined 
according to a measure of a district’s Spatial Compactness Ratio (SCR); sprawl in this context being 
defined as development which decreases the compactness of an area (p. 13). SCR is calculated by 
multiplying FSI by SOS. Applying this test to types B2.1 and B2.2, B2.2 presents the lowest SCR 
value. 
For this reason, district type B2.2 is considered representative of sprawl morphology, at the sub-
metropolitan scale of resolution, in the contiguous Dublin metropolitan region. 
CONCLUSIONS 
In this paper, Kropf’s (2014) theoretical framework of generic structures, Berghauser Pont and 
Haupt’s (2010) empirically proven techniques for morphologically classifying settlement form, and 
the existing literature on quantitative measures of sprawl have been synthesised in order to 
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construct an hypothesised method for describing sprawl that is situated within a configurational 
approach to urban morphology. Applied to the contiguous Dublin metropolitan region at the 
district scale, instances of sprawl morphology have been identified in locations which align with 
observations made by previous morphological investigations (such as Van de Voorde et al. 2011; 
Nedovic-Budic, 2016; McManus, 2018). This would suggest the proposed method is capable of 
describing sprawl. Further application to additional case study areas is, however, required to 
confirm the method's suitability to an international context. 
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